We have developed ultra thin polyethylene film for the high altitude balloon which can float in the mesosphere. It is required that the development of thin and strong polyethylene films to reduce the weight of balloons themselves. But it was difficult to manufacture the ultra thin film under 2.8 μm in thickness by a conventional film manufacturing machine. In 2005, we developed a new machine and succeeded in manufacturing 2.5-μm-thick film. We measured its strain-stress properties at low temperature and confirmed that the film is suitable for balloons which float in the mesosphere.
Introduction
In these years, scientific balloons have attracted considerable attention for their high cost-efficiency and flexibility of the experiment. Scientific balloons can reach mesosphere and also stay at the altitude for a long time. One can observe the atmospheric constituents including ozone and their distribution at the mesosphere [1] [2] [3] [4] .
We have developed high altitude balloon using ultra thin polyethylene films. To float at high altitude, there are two methods. One is utilizing large balloon, and the other is utilizing light balloon. Fig. 1 shows the relation between the volume of a balloon and its ceiling altitude for various films, assuming the gondola weight of 10 kg and the flight train weight of 1 kg. Utilizing light balloon is much effective to reach the higher altitude; i.e. though a 10,000 m 3 -balloon with a 20 μm film float only up to 35 km, a 2.8 μm film with the same volume can reach at 45 km. Thus, we improved the thickness of balloon films by changing the density of the resin and developing the manufacturing machine as shown in Fig. 2 . In 1997, we started to develop thin polyethylene films with resins using a metallocene as a catalyst. In 2002, a 60,000 m 3 balloon with 3.4 μm thin films ( Fig. 3) achieved the world record of 53.0 km as the highest altitude of a unmanned balloon 5) . In 2003, we succeeded to manufacture a 2.8 μm films 6) . Since it was difficult to manufacture thinner films by the conventional machine, we developed a improved machine to manufacture this time. In this paper, after introducing the new machine, results of tensile test of its products will be described and their availability will be discussed. Fig. 4 shows the procedure of a conventional manufacturing machine for polyethylene films using the inflation method. The machine consists of a hopper, a push bench, a screen pack, a die, an air ring, a fin, a pinch roll, and a take-up unit. First, the resin is cast into the hopper and mixed well by the screw and heated. Next, contaminations of the resin are removed by the filter (screen pack) and the resin is pushed into the die. The melt resin is pushed into the air through a circular slit. Then, the resin is inflated as a tube by air from the central hole in the die and cooled by the air ring. Finally, the film is taken up by the take-up roller removing the air using the fin and the pinch roll. The film thickness is determined by the combination of the injection and the winding speed. A direction to pull a film is called Machine Direction (MD), and perpendicular direction to the MD is called Transverse Direction (TD).
Deposition System

Film Manufacturing Method
The New System
Based on the conventional manufacturing machine, we developed a new machine for thin balloon films. We improved the following points; (1) fixing the driving machine directly on the ground, (2) adopting a screw which can mix the resin uniformly, (3) controlling the cooling temperature appropriately to improve the stability of the film by using the high air ring, and (4) using a hard and smooth rollers for pinch roll. The take-up roller improved the streaking and wrinkles of the film. As a result, it becomes possible to stand up and inflate the film stably in the air ring and to take it up by a uniform tension. Using this machine, we could manufacture films of 2.8 μm and 2.5 μm in thicknesses with a width of 280 cm.
We searched for defects such as a fish-eye and a contamination in the films. We could only found one deficit per 18 m and confirmed their high quality (Fig. 5) . 100 μm contamination fish-eye 100 μm 
Tensile Test
We performed tensile tests of new films. Fig. 6 shows the tensile test machine (201B made by INTSCO) and the shape of the sample film. The sample has dumbbell shape which has a central part of W5×L25 mm with the top and the bottom part to be held to pull the sample. The temperature conditions were set to 25 ºC and −40 ºC, and the pull speed was 100 mm/min. Fig. 7 shows results of the 2.8 μm film, and Table 1 summarizes the results. These results indicate that this film has sufficient ultimate strength and elongation in both MD and TD direction at 25 ºC. The ultimate strength and elongation of new film are similar those of the film manufactured by the conventional machine. Fig. 8 shows the results of the 2.5 μm film as summarizing in Table 1 . The properties of the 2.5 μm film both MD and TD were also similar to those of the 2.8 μm. Fig. 9 shows the summary of the results. 
Discussion
It is important to compare the film strength and the stress of balloon films. Assuming that the balloon shape is symmetrical to a vertical axis, and has uniform weight distribution, we can calculate the maximum stress per unit length as follows,
where, s denotes the length along the balloon meridian line from the base of the balloon, and, r, R m , Δp, and t indicate the radius of balloon, meridian radius of curvature, pressure difference, and effective envelop thickness, respectively (Fig. 10) . All of them are functions of s. The stress becomes maximum on the ground level.
Under the balloon volume is 60,000 m 3 , the film thickness is 2.5 μm and payload weight is 6.7 kg, the maximum film stress is 170 kg/cm 2 . This value is below the ultimate strength of the 2.5 μm film, so we confirmed that these films can use the high altitude balloons.
Conclusion
We developed a new deposition system for ultra thin balloon films. We could manufacture the 2.8 μm and 2.5 μm films. We performed the tensile test of those films and found that these films had enough ultimate strength and ultimate elongation at 25 ºC and −40 ºC, and we confirmed that the film can be used for the high altitude balloons. We are going to develop the highest altitude balloon using these films. 
Pm_4
Trans. JSASS Space Tech. Japan Vol. 7, No. ists26 (2009) 
